Ground motions from normal-faulting earthquakes are generally considered to be smaller than those of strike-slip and thrust events. On 11 April 2011 a crustal normal-faulting earthquake [the Fukushima earthquake (M w 6.6)] occurred in Eastern Japan. The peak ground acceleration (PGA) observed was considerably higher than the predictions of several ground-motion prediction equations (GMPEs), which were derived mainly from thrust or strike-slip earthquakes. In northeast Taiwan, the tectonic structure of the Ryukyu Arc and the Okinawa Trough typically entail normal-faulting earthquakes. Because of the normal-faulting earthquakes relevance to ground motions and nuclear power plant sites in northeast Taiwan, we evaluated the impact of the ground motion of normal-faulting earthquakes in offshore northeast Taiwan using a newly constructed attenuation relationship for PGA and pseudo-spectral acceleration (Sa). We collected 832 records from 13 normal-faulting earthquakes with focal depths of less than 50 km. The moment magnitude (M w ) of the 13 events was between 4 -6. The Sa and PGA of normal-faulting earthquakes offshore northeast Taiwan determined with the newly constructed attenuation relationship were higher and lower, respectively, than those obtained using attenuation equations commonly used in the Taiwan subduction zone. 
INTRODUCTION
Earthquakes are disasters that can cause severe damage and destruction. To mitigate the seismic hazard from moderate to large earthquakes, assessing the degree of ground shaking and designing earthquake-resistant buildings is critical. A robust and reliable model is essential to estimate ground motion and data for the attenuation model must be carefully processed. To develop a set of comprehensive and broadly accepted ground-motion prediction equations (GMPEs) for the United States, the Next Generation Attenuation (NGA) program coordinated by the Pacific Earthquake Engineering Research Center (PEER) established a strong motion database including most moderate to large crustal earthquakes in worldwide active tectonic regions. 3551 records were contained in the NGA database in 2006 (Chiou and Youngs 2008) . The data includes approximately 28% strike-slip event records, 65% reverse-faulting event records, and 5% normal-faulting event records. By 2014 (NGA-West 2 project) the database contained 21336 records (Ancheta et al. 2014) . The database enabled researchers to develop numerous GMPEs to evaluate for specific faulting types by controlling for the dummy variables in the equations (Abrahamson and Silva 2008; Boore and Atkinson 2008; Chiou and Youngs 2008; Abrahamson et al. 2013) . Thrusting interplate earthquakes were the majority of shallow earthquake sources used in subduction zones to develop attenuation models for peak ground acceleration (PGA) and pseudo-spectral acceleration (Sa) (Atkinson and Boore 2003; Kanno et al. 2006; Abrahamson et al. 2015) . The Taiwan NGA (TNGA) Project (Lee et al. 2009 ) assembled the Taiwan Strong Ground Motion records between 1992 -2008 provided by the Taiwan Central Weather Bureau (CWB). The well-processed 13433 records comprise 61% thrust faulting event records, 32% strike-slip event records, and 7% normal-faulting event records for crustal earthquakes. A total of 9211 earthquake records involve subduction zones; 65% involve thrust faulting, 22% involve strike-slip, and 13% involve normal faulting. In previous studies on Taiwan GMPEs, most equations did not specifically consider the earthquake source faulting types (such as Chang et al. 2001; Wu et al. 2001; Liu and Tsai 2005) . Lin et al. (2012) adopted the NGA method using dummy variables to denote the crustal earthquake faulting type in the equations. The GMPEs for shallow subduction zone earthquakes (< 50-km depth) only considered thrusting interplate earthquakes. This suggests that most GMPEs that quantify the ground shaking intensity using shallow seismic sources were determined using thrust-faulting and strikeslip earthquakes.
According to previous studies (McGarr 1984; Campbell 1997; Brune and Anooshehpoor 1999; Brune 2000; Shi et al. 2003) , normal-faulting earthquakes are generally assumed to exhibit lower PGA than thrust or strike-slip events. The assumed weaker ground shaking and limited number of records for normal-faulting earthquakes has resulted in less effort invested in characterizing the ground-motion of normal-faulting earthquakes.
On 11 April 2011 the Fukushima-ken-hamadori-no earthquake (Fukushima earthquake; M JMA : 7.0; M w : 6.6) occurred in Iwaki City, Japan, which is situated approximately 250 km southwest of the 2011 M w 9.0 Tohoku earthquake epicentre. The focal depth was 6 km according to the K-net and KiK-net catalogues. The earthquake ruptured two subparallel faults, the northwest-trending Yunodake fault and the north-northwest-trending Itozawa fault. Two clear surface ruptures appeared along the two faults, 15 and 14 km long, respectively, exhibiting a predominantly normal slip sense, down to the west. The maximal vertical offset on the Yunodake fault measured approximately 0.8 m, whereas that on the Itozawa fault measured approximately 2.1 m. The rupture triggered numerous rock falls and landslides, causing structural damage and resulting in four human casualties (Toda and Tsutsumi 2013) . Si et al. (2012) and Anderson et al. (2013) analyzed the horizontal PGA and peak ground velocity (PGV) of the Fukushima earthquake and its associated normal-faulting fore-and aftershocks. A higher ground motion compared with the prediction of several GMPEs (Si and Midorikawa 2000; Abrahamson and Silva 2008; Boore and Atkinson 2008; Campbell and Bozorgnia 2008; Chiou and Youngs 2008) was observed with a factor of 2.3 -3.7 in acceleration and 1.4 -1.8 in velocity. The stress drop of the Fukushima earthquake was considered typical of crustal events for normal-faulting earthquakes in Japan and worldwide (Anderson et al. 2013 ). The small simultaneous contributions from the sequential ruptures of two subparallel faults, which were evidenced by source inversion, did not constitute a viable explanation for the high ground motion. Regarding adjusting the PGA and PGV with customized site terms, the residuals were greatly reduced, but positive deviation remained.
The Fukushima earthquake has drawn attention to the anomalously high PGA and PGV of normal-faulting earthquakes. Taiwan is located at the collision boundary between the Philippine Sea Plate (PSP) and the Eurasian Plate (EUP). Two converging systems, the Ryukyu subduction zone resulting from the subduction of the PSP to the EUP, and the Manila subduction zone resulting from the subduction of the EUP to the PSP, are offshore northeast and southwest Taiwan, respectively. The Ryukyu arc-trench system comprises the Ryukyu Arc, a row of islands and an active volcanic belt. The Okinawa Trough lies along the Ryukyu arc-trench system ( Fig. 1) , which is formed by the extension of the Eurasian continental lithosphere and constitutes a young backarc basin. Several en-echelon extensional grabens with active faults have been identified in this region, suggesting that the Okinawa Trough is still in the rifting stage prior to spreading (Shinjo 1999) . Sibuet et al. (1998) mapped numerous normal faults based on the swath-bathymetric and seismic data. The M w of normal-faulting earthquakes observed in this area in previous decades were mainly between 4 -5, which was considered only a minor earthquake hazard. However, normal-faulting earthquakes exhibiting moderate intensities may cause substantial damage; for instance, the event of 1976 (M w 4.7) in Denizli, Turkey (Ates 1985) and the events (swarm) of 1972 (M w 4.4 -4.9) in Ancona, Itlay (Lander 1973 ). The Sanchiao Fault, which was announced by the Taiwan Central Geologic Survey (CGS) in 2010, is the longest normal fault, extending from the Taipei Basin to the East China Sea. The fault length of the Sanchiao Fault determined by the CGS implies the possibility of an intense normal-faulting earthquake. Therefore, the threat of normal-faulting earthquakes to highly populated Northern Taiwan should be considered.
To examine the effect of strong ground motion, specifically from normal-faulting earthquakes, we investigated the horizontal PGA and Sa of the normal-faulting events offshore northeast Taiwan. A new normal-faulting earthquake attenuation relationship for PGA and Sa with 105 periods was developed. Our findings provide crucial insights regarding the safety of nuclear power plants (NPPs) and infrastructure in Northern Taiwan.
DATA
The Taiwan Strong Motion Instrumentation Program (TSMIP) was initiated in 1991 by the CWB. The TSMIP network is designed to monitor the ground shaking of strong earthquakes and collect high-quality data for use in engineering and seismology. Except in mountainous areas, the monitoring stations are densely spaced approximately 5 km apart on average and only 3 km apart in urban areas. Since 1993 the TSMIP has been operating the strong-motion network using over 700 stations, which have recorded thousands of earthquakes with M L > 4 in and around Taiwan. The instruments have dynamic ranges from 12, 16, and 24-bit force-balance accelerometer (FBA) sensors with sampling rates of 200 -250 points per second.
In contrast to the TSMIP, the Broadband Array in Taiwan for Seismology (BATS) was established by the Institute of Earth Sciences (IES), Academia Sinica in 1992 to routinely estimate the source parameters of earthquakes occurring in the region. The Centroid-Moment-Tensor solution of earthquakes with magnitudes higher than 4 after 1995 is catalogued online. After the 1999 Chi-Chi earthquake in Taiwan the BATS incorporated additional stations deployed by the CWB, increasing the total number of BATS stations to 64 and covering both mountainous areas and islands. The additional stations enhance the event focal mechanism solutions, particularly those offshore, which had poor station coverage before.
We sorted through normal-faulting events occurring offshore northeast Taiwan using data between 1995 -2013. Normal-faulting events were defined as events with rake angles between -60 and -90° according to the BATS solution. Because our focus was on events that can cause damage, only earthquakes with M w ≥ 4 that were recorded by at least 20 TSMIP stations were used. A total of 13 events corresponded to our criteria (Fig. 1, Table 1 ). The hypocentral distances of the observed events were between 20 -300 km (Fig. 2a) . The M w of 12 events is concentrated between 4.0 -5.1. One event had M w of 5.9. Most events occurred at depths less than 30 km (Fig. 2b) .
Strong-ground motion data must be appropriately processed to estimate real ground shaking from strong-ground motion events. We processed the data using the procedures stated in Fig. 3 , following the data processing criteria of NGA models (Darragh et al. 2004) . The critical issue for data processing is removing long-period noise in the recordings, which typically involves using both low-cut filters and baseline correction together (Boore and Bommer 2005) . The baseline was corrected after removing the instrument response in each ground motion record. The high-pass filtering band on each acceleration seismic waveform was determined by examining the amplitude ratio of signal to noise (RSN) in its respective displacement waveform. The signal amplitude was evaluated by averaging the absolute amplitude in the displacement waveform within a 10-s time window starting from P-arrival. The noise amplitude was estimated with a 10-s time-window before P-arrival. We developed an automatic procedure for determining the high-pass filtering band which promoted the RSN reaching the threshold value, 14, by trying consecutively the high-pass filtering band with incrementally increasing the frequency of 0.01 Hz. After the baseline correction and high pass filter were completed, we Table 1 . Source parameters of 13 normal-faulting earthquakes used in this study. (a) (
screened the processed data to confirm that the quality satisfied our requirement. We obtained 832 records from 13 events. Figure 4 shows the number of available data sets at 105 periods, ranging from 0.01 -10 s. Less data remained in the long period considering the filter frequency band. Less than 400 records were eligible regarding the period above 3 s. With the processed waveform data, the geometric mean of two horizontal components was adopted to assess the PGA and Sa of horizontal ground-motion values. For a given earthquake motion a single-degree-of-freedom system yields unique responses for various natural periods and damping ratios. Each response spectrum value is the maximum response of a single degree of freedom oscillator with a particular damping value for a particular period. We adopted a 5% critical-damping ratio with 105 periods to calculate the response spectrum for a given earthquake waveform. Figure 5 shows four examples of estimated Sa regarding the hypocentral distance and shear-wave velocity of the sites within 30-m depth (Vs30). The Sa of station TAP069 nearby the source exhibited a higher value than that of station HWA057 at a far distance with the same site condition (Vs30 = 760 m s -1 ). For the period shorter than 0.2 s, Sa was dominated by the site conditions more than by the hypocentral distance. For instance, the Sa at a soft-sediment site (e.g., ILA062) exhibited more intense ground shaking than that at a rock site (e.g., TAP069), whereas the Sa for longer periods was reciprocally influenced by the site condition and distance.
FUNCTIONAL FORM OF ATTENUATION MODEL
A ground-motion attenuation model describes the seismic energy decay related to the earthquake source, seismic wave propagation and site effect. The general form of an attenuation model (Joyner and Boore 1981) can be expressed as follows:
where y is the ground motion value and b 1 is a constant. The functions f 1 (M), f 2 (R), f 3 (M, R), and f 4 (P) are related to the magnitude M, distance R, magnitude and distance (M, R), and site effect P, respectively. The parameter ε is the random ground motion error. Generally, the f 1 (M) is used as an exponential function of magnitude (Richter 1958 ) and expressed as follows:
The form of the function f 2 (R) can be presented as follows:
where ( is related to the inelastic attenuation. The function of f 3 (M, R) expresses the attenuation uncertainty of the ground motion increasing with distance for various magnitudes of earthquakes (Campbell 1981) and is expressed as follows:
The final function of f 4 (P) expresses the site effect contributing to the ground motion and is defined as an exponential function of Vs30 as follows:
The logarithmic form of Eq. (1) is presented as follows:
Based on the attenuation form of Eq. (6), Lin et al. (2012) constructed a local GMPE using ample subduction-zone earthquake data in northeast Taiwan. The attenuation model describing the ground motion is presented as follows: 
where i denotes the ith earthquake and j denotes the jth station; ij denotes the Sa or PGA values for ith earthquake received by the jth station. M is the M w , R is the hypocentral distance (km), and H is the focal depth (km). Zt indicates the earthquake type (Zt = 0 for interface earthquake; Zt = 1 for intraplate earthquake), and ln f is a random error. The focal depth of most events used in this study was less than 30 km; therefore, the events can be treated as interface earthquakes (Lin and Lee 2008) . With Zt = 0, Eq. (7) is compressed into the following equation: 
We adopted Eq. (8) to estimate the constant C 1 and coefficients C 2 -C 7 for normal-faulting earthquakes in offshore northeast Taiwan. In addition, we adopted the Vs30 of each station, which was obtained either from the PS logging data at or near the station, from Lee and Tsai (2008) .
REGRESSION ANALYSIS AND RESIDUALS
A nonlinear regression was adopted to evaluate the empirical equation for the prediction of PGA and Sa. We used the nonlinear regression algorithm of Seber and Wild (2003) to obtain the coefficients C 1 -C 7 of Eq. (8) for the PGA and Sa at various periods. In the regression analysis the coefficients of C 4 , C 5 , and C 6 are quite consistent with the values of 0.5155, 0.6325, and 0.0075, respectively, for various periods. Thus, C 4 , C 5 , and C 6 were considered as constants to avert the trade-off behavior between the related coefficients in the regression. The resulting coefficients for the PGA and Sa of 105 periods with their respective standard deviations are summarized in Table A1 , Appendix A.
The PGA and Sa decimal logarithm residual values were calculated. The standard deviation for the regression model is
which is a general form representing the regression error (Kenney and Keeping 1954) . The standard deviation of our resultant attenuation model for the PGA and Sa of 105 periods was between 0.5 -0.8. The regression for Sa exhibited a smaller error in shorter periods than it did in longer periods which has limited available records. Figure 6 shows the residuals of the PGA decimal logarithm between the observation and prediction. A normal distribution with a standard deviation v of Eq. (8) is 0.61 (Fig. 6a) . In addition, the model residuals of Eq. (8) were plotted as functions of M w , Vs30, depth, and hypocentral distance. There were no obvious biases regarding M w , Vs30, depth, and hypocentral distance (Figs. 6b -e) .
To compare the predicted Sa at various periods for our resulting attenuation model and the model of Lin et al. (2012) , we showed the variation of the coefficients C 1 , C 2 , C 3 , and C 7 of the two models together with the periods (Fig. 7) . The comparison reveals that C 1 of our resulting equation increased until a period of 0.1 s and subsequently decreased with increasing periods, similar to the values estimated by Lin et al. (2012) . The coefficients C 2 and C 3 , referring to the M w and the hypocentral distance, both exhibit higher values in longer periods. In our model, C 3 exhibits a prominent minimal value at a period of 0.07 s and a maximal value between 0.6 -0.9 s. The C 3 variation in our equation is more prominent than that in Lin's equation. The coefficient C 7 refers to site conditions, Vs30 has almost an equivalent value in both equations for periods shorter than 0.3 s. In periods longer than 0.3 s, the lower C 7 obtained using our model indicates a higher reduction for Sa in longer periods.
RESULTS
We calculated the Sa of each record for normal-faulting events in offshore northeast Taiwan and estimated the respective GMPEs for PGA and Sa with 105 periods. The resulting attenuation model for PGA and Sa in periods of 0.2, 1.0, and 3.0 s is shown in Fig. 8 with observed data for the event 201102010816 (M w : 4.9, depth: 23 km). The Vs30 of the stations recording this event was between 150 -900 m s -1 . Most of the observed data was consistent with one standard deviation of our predicted curve (black lines), suggesting that our GMPEs exhibited satisfying correspondence to the observed data. The comparison of observed PGA and Sa for normal-faulting earthquakes with two attenuation models indicated that the observed PGA and Sa were more consistent with the new resultant attenuation model for normalfaulting earthquakes than they were with the GMPE of Lin et al. (2012) . A higher Sa but lower PGA of normal-faulting events than the GMPE for interplate earthquakes of Lin et al. (2012) was revealed. The following discusses the detailed Sa and PGA characteristics predicted by the attenuation model for normal-faulting earthquakes and compares the predicted values from other attenuation models obtained in other regions.
Spectral Pseudo Acceleration
The estimated Sa for M w 5.0 is shown in Fig. 9 . Overall, the Sa at soft sites (Vs30 = 150 m s -1 ) (Fig. 9a ) was higher than that at hard sites (Vs30 = 760 m s -1 ) (Fig. 9b) . We compared the estimated Sa at a high frequency to the predicted PGA in terms of that Sa at a high frequency should be close to the PGA value to validate the Sa attenuation model. The Sa assessment of our resulting model at 0.01 s (Sa [0.01]) was close to the predicted PGA value (black triangle). The deviation between the Sa [0.01] and the PGA was approximately 0.003 g. The assessed Sa for normal-faulting events in offshore northeast Taiwan was higher than that of Lin (2009) for crustal normal-faulting earthquakes and the model of Lin et al. (2012) for interplate earthquakes. Our predicted model for Sa together with the whole period was closer to the models developed by Boore and Atkinson (2008) for non-specific crustal event fault types or for normal-faulting earthquakes. The predicted Sa of our model, the model of Lin (2009) for normal-faulting earthquakes, and the models of Boore and Atkinson (2008) for non-specific faulting types and normalfaulting events are consistent for periods longer than 3 s. Figure 10 shows the normalized Sa (the ratio of Sa to PGA) with an M w of 4 to 6 at hypocentral distances of 50 and 150 km (Figs. 10a and b) . As shown in Fig. 10 , the normalized Sa for small earthquakes (e.g., M w 4 and 5) have maximal values in periods of approximately 0.2 s. For larger earthquakes (e.g., M w 6), the maximal normalized Sa is in longer periods. The higher Sa at longer periods is more significant at 150 km (Fig. 10b ) than at 50 km (Fig. 10a) . Because of the prominent surface waves that larger earthquakes can generate and the longer distance the surface waves can travel, the observation indicates that the maximal Sa for larger earthquakes is dominated by the surface waves. The effect was prominent for distances between 100 -200 km.
PGA
We compared our resultant model with several other models (Si and Midorikawa 2000; Boore and Atkinson 2008; Lin 2009; Lin et al. 2012 ) for interplate and crustal events with the observed data to characterize the PGA of normal-faulting earthquakes offshore northeast Taiwan (Fig. 11) . We present six examples of the comparison in Fig. 11. Figures 11a -c show the predicted models for three normal-faulting events with M w of 4.4 to 4.8 analyzed in this study. Figures 11e and f show the predicted models for two normal-faulting events with M w of 5.1 and 5.7, which were archived in the NGA flat-file, occurred in the United States (NGA0088 at Borah Peak Central Idaho; NGA0152 in southwest Nevada). The event (M w 4.1) shown in Fig. 11d was excluded from the regression analysis, because less than 20 records referred to it. We delineated the predicted PGA curves of this event to examine the correspondence of our resulting equation with the observed data. The predicted curves in Figs. 11a -d and e -f are depicted with Vs30 = 500 and 700 m s -1 , which are the mean Vs30 of the observed . The spectral shape in black is the attenuation model obtained in this study for normal-faulting events in offshore northeast Taiwan. The spectral shapes in red and pink denote the attenuation model for interplate earthquakes (Lin et al. 2012 ) and crustal normal-faulting events (Lin 2009 ) of Taiwan, respectively. The spectral shapes in blue and shallow blue denote the curves estimated using the model of Boore and Atkinson (2008) (Lin et al. 2012 ) and for crustal normal-faulting earthquakes (Lin 2009 ), respectively. The deep blue and shallow blue curves are models of Boore and Atkinson (2008) for crustal unspecified fault types and normal-faulting earthquakes, respectively. The gray line is the curve of model of Si and Midorikawa (2000) for Japanese crustal events. (Color online only) data, respectively. Overall, our model describes the observed data adequately, even for the normal-faulting data which was not involved in the regression analysis (Figs. 11d -f) . The comparison reveals that our resulting model for the PGA of normal-faulting events was consistent with the model of Lin (2009) for crustal normal-faulting events, but yielded lower values than the models of Lin et al. (2012) for interplate earthquakes, Boore and Atkinson (2008) for crustal unspecified fault types and normal-faulting earthquakes, and Si and Midorikawa (2000) for crustal events. It indicates that the PGA value of normal-faulting earthquakes in offshore northeast Taiwan is lower than that of interplate earthquakes in the Taiwan subduction zone and that of active crust events in other regions. The PGA value of normal-faulting events in the offshore northeast Taiwan is more consistent with the value for the Taiwan crustal normal-faulting earthquakes.
DISCUSSION
GMPEs as empirical relationships predicting ground shaking have been widely studied and used in earthquake engineering. The equations differ mainly in the algebraic form used to describe various parameters in relation to the ground motion, and the choice of data that developers use for derivation. Equations for normal-faulting earthquakes are seldom investigated. The main reason is that normal-faulting earthquakes are commonly considered to exhibit less intense ground shaking, causing less damage than thrust or strikeslip earthquakes. An additional reason may be attributable to the limited available data for normal-faulting earthquakes.
Our study examined the ground motion of normalfaulting events in offshore northeast Taiwan and extended the usage of GMPEs for normal-faulting earthquakes to moderate events, which has been scarcely performed in Taiwan. The analysis revealed that the PGA of normal-faulting earthquakes is lower than that predicted using GMPEs that emphasize thrust or strike-slip events, corresponding to the general understanding that normal-faulting earthquakes have less intense ground shaking. By contrast, the Sa of these normal-faulting earthquakes is higher than that obtained through the estimation of generally used equations.
Normal-faulting earthquakes generally generate smaller ground accelerations than do thrust or strike-slip events. McGarr (1984) and several independent analyses (e.g., Brune 1970; Hanks and Johnson 1976; McGarr 1981; Spudich et al. 1999) have indicated that the horizontal PGA could be related to local stress drops in the seismic source region which reflects the crustal strength. As evaluated by McGarr (1984) , the crustal strength in an extensional region is approximately one third of that in a compressional region. The Ryukyu Arc and Okinawa Trough, where the analyzed normal-faulting earthquakes occurred, are considered typical extensional tectonic environments (Shinjo 1999; Lin et al. 2004 Lin et al. , 2007 . By contrast, the source region where the normal-faulting Fukushima earthquake and its related normal-faulting sequence occurred was considered a typical E-W compressional environment (Kubo et al. 2002; Townend and Zoback 2006) before the 2011 Tohoku earthquake (M w 9.0). The normalfaulting earthquakes occurred because of a significant reduction in trench-normal compressional stress after the Tohoku earthquake (Kato et al. 2011; Imanishi et al. 2012) . This implies that the inherent compressional tectonic environment may be responsible for the high PGA observed in the Fukushima normal-faulting earthquake.
Adopting a unique perspective, Westaway and Smith (1989) studied worldwide normal-faulting events with magnitudes from 4 -7.5 and observed that normal-faulting earthquakes with magnitudes exceeding 5 caused ground accelerations equivalent to those in reverse-faulting and strike-slip events. This observation contradicts the widely held view that normal-faulting earthquakes generate lower ground accelerations than other faulting types of event. Figure 11 shows a comparison of six models for interplate and crustal events of normal-faulting or nonspecific fault types. The discrepancy of the predicted PGA between normal-faulting events and interplate or crustal events with M w of 4 to 5 is larger than that of events with M w exceeding 5. This seems to imply that the PGA of greater normal-faulting earthquakes is comparable to those of thrust or strike-slip events. However, the limited available data regarding normal-faulting events with M w exceeding 6 constrains our verification.
CONCLUSION
GMPEs have been widely used and studied to predict ground shaking for earthquake engineering. By contrast, prediction equations for normal-faulting earthquakes have been little investigated because they have been considered less hazardous and limited data has been available. However moderately sized earthquakes can cause substantial damage (Lander 1973; Ates 1985) . To assess the ground shaking impact of normal-faulting earthquakes in offshore northeast Taiwan on three NPPs (NPP-1, NPP-2, and NPP-4), we developed the GMPE for normal-faulting earthquakes with moderate to large sizes in offshore northeast Taiwan. The M w of most analyzed data was between 4 -5. The resulting attenuation relationship reveals that normal-faulting earthquakes generate strong Sa, which is not adopted in the attenuation equations commonly used in Taiwan. Regarding the PGA values, our analysis reveals lower values for normal-faulting earthquakes compared with those obtained using common GMPEs used mainly for thrust-faulting and strike-slip events in the subduction zone. This study examined the seismic risk caused by normal-faulting earthquakes from the extensional structure offshore northeast Taiwan, and extended the widely used empirical relationships for normal-faulting earthquakes. 
